Since the precise study of Higgs gauge couplings is important to test the Standard Model (SM), we calculate the complete next-to-leading order QCD(NLO QCD) correction to the pp → HZW ± production in the SM at 14 TeV LHC. Our results show that the NLO QCD correction can enhance the leading-order cross section of pp → HZW ± by 45%, when m H = 125.3 GeV. We also study the dependence of the LO and NLO corrected cross sections on the renormalization and factorization scale µ. Besides, due to the unbalance of parton distribution functions, we investigate the charge asymmetry of W ± in the production of pp → HZW ± , which can reach 32.94% for µ = (m H + m Z + m W )/2 at 14 TeV LHC.
INTRODUCTION
On 4th July 2012, the ATLAS and CMS collaborations have announced the observation of a Higgs boson with a mass around 125 GeV at the LHC [1, 2] . This discovery implies a great success of the SM and opens an era of the precise study of Higgs boson. Up to now, although most measurements of the Higgs boson properties are consistent with the SM predictions [3] , there are still rooms for the new physics that contributes to effective couplings to gluons and photons [4] . Since the interactions between Higgs boson and gauge bosons are sensitive to the new physics, any modifications of the Higgs gauge couplings will lead to the deviation of the SM predictions from the Higgs data [5] . Besides, the Higgs gauge couplings are strongly related to the anomalous triple vector bosons vertex [6] . Thus, the precise study of Higgs gauge couplings is important for testing the SM and searching for new physics.
There have been many works devoted to investigating the Higgs gauge couplings from the processes of pp → ZH/W ± H, which have been calculated to the next-to-leading order(NLO) in the SM at the LHC [7] . In addition, the production of Higgs boson associated with dibosons can also be used to probe the Higgs gauge couplings [8] The leading order(LO) process of pp → HZW + is induced by the electro-weak interaction in the SM. We denote the four-momenta of initial and final states in the process as follows:
The NLO QCD corrections(∆σ N LO ) to the above process can be divided into the following parts in the calculations:
• the virtual corrections(∆σ vir ):′ → HZW + ;
• the real gluon emission corrections(∆σ real g
):
• the real light-(anti)quark emission corrections(∆σ
We generate the one-loop amplitudes by the FeynArts-3.5 [11] . We use the FormCalc-6.1 [12] to simplify the amplitudes and reduce the loop functions as the definitions in Ref [13] .
We adopt the dimensional regularization to isolate all the ultraviolet divergences (UV) and infrared divergences (IR) in the virtual corrections. We remove the UV divergences by the counter terms fixed by the on-mass-shell renormalization condition [14] . The infrared (IR)
singularities from the one-loop integral can be cancelled by adding the contributions of the real gluon emissions. We deal with the IR divergences in Feynman integrals as Ref. [15] and implement the numerical calculations for the IR safe parts of N-point integrals as Ref. [13] .
The loop functions in the virtual corrections are numerically calculated by the modified package of LoopTools-2.2 [16] .
By using the above packages, we adopt the two cutoff phase space slicing (TCPSS) method [17] to isolate the IR singularity in the real gluon emission process′ → HZW + g, where the four-momenta for the initial and final states are denoted as follows:
An arbitrary small cutoff parameter δ s is introduced to split the phase space into soft region(E 6 ≤ δ s √ s/2) and hard region(E 6 > δ s √ s/2). We further divide the hard part into hard collinear region HC (−t 16 or −t 26 < δ cŝ ) and hard non-collinear region HC (−t 16 and −t 26 > δ cŝ ) by the cutoff parameter δ c , wheret i6 = (p i − p 6 ) 2 , i = 1, 2. The soft part and hard collinear part will be canceled with the IR divergences in the virtual corrections.
So the cross section of the process of′ → HZW + g can be decomposed as followings:
Besides, we also consider the contribution from the real light quark emission process qg → HZW + q ′ , where the four-momenta for the initial and final states are denoted as follows:
It should be mentioned that only the initial state collinear singularities can occur in the Eq.(4), which can be absorbed into the redefinition of the PDFs at the NLO. While, for the non-collinear part, it is computed by using the Monte Carlo technique [18] .So the cross section of the process of qg → HZW + q ′ can be divided as followings:
We implement all the above calculations as in our previous works [19] [20] [21] and numerically checked our results with the MadGraph5-v2 that includes the packages of MadLoop and aMC@NLO [22, 23] and found they are consistent in the reasonable error range.
III. NUMERICAL RESULT AND DISCUSSION
The SM parameters used in our numerical calculation are [24] :
besides, the CKM matrix elements are taken as
The Higgs mass is taken as m H = 125.3 GeV from the combined results of ATLAS and CMS in Ref. [25] . For the strong coupling constant α s (µ), we evaluate it by the 2-loop evolution with QCD parameter Λ n f =5 = 226 MeV. We use CTEQ6L1 and CTEQ6M parton distribution functions (PDF) for the LO and NLO QCD computations, respectively [26] . The renormalization scale µ R and factorization scale µ F are chosen to be µ = µ R = µ F . examining the difference between event numbers with one lepton and those with one antilepton in the signal. So we can define the charge asymmetry in the process of pp → HZW ± as follows:
where N is the event number of final states HZW + (HZW − ). In Tab.I, we display the charge asymmetry for different renormalization and factorization scale µ. We can see that the values of A c have the weak dependence on the scale µ, due to the cancellation between numerator and denominator. Compared with the LO prediction of A c , the NLO QCD correction will slightly reduce the value of A c to 32.94% when µ = µ 0 .
In Fig.3 , we study the LO and NLO QCD corrected transverse momentum distributions of µ + from W + decays( p . For (i)-(ii), they may resemble the signal when an ISR/FSR jet is mis-identified as a lepton. We notice that these backgrounds are much larger than our signal so that the observation of the signal may be challenge at the high luminosity LHC(HL-LHC). However, the following kinematic features may be helpful to improve the observability: since the two b-jets in the backgrounds are from the top quark and anti-top quark, a narrow window of the invariant mass of bb around 125 GeV can be used to greatly reduce the above backgrounds. Besides, the fake lepton from ISR/FSR jet is usually not energetic, so the veto of the third soft lepton will further suppress (i) and (ii) backgrounds. It should be noted that the background (ii) can also be removed by imposing the cut of the transverse mass of lepton and missing energy, because the fake lepton does not come from the W boson decay. On the other hand, the missing energy in the backgrounds (i) and (iii) are larger than that in the signal, due to the leptonic decay top quark pair. Thus, we can also reduce these two backgrounds by requiring a small missing energy. Of course, the results of these cuts strongly depend on the detector simulation. However, since the realistic detector configures of the HL-LHC are still not available, we expect our analysis can be improved by optimizing signal extraction strategies and better understanding of the backgrounds uncertainties through the dedicated analysis of the experimental collaborations at HL-LHC.
IV. CONCLUSION
In this paper, we performed a complete NLO QCD corrections calculation for pp → HZW ± at 14 TeV LHC. We found that the NLO QCD corrections can enhance the LO cross section and the relative correction can reach about 45%. We investigated the dependence of the LO and NLO corrected cross sections on the renormalization and factorization scale and found that the scale uncertainty of LO and NLO QCD cross section are +1.17 −1.42 % and
−2.96 % respectively, when the scale µ changes from µ 0 /2 to 2µ 0 . We also studied the kinematic distributions of the final state, which will be helpful to select the HZW ± events at 14 TeV LHC.
